On Flue-dust and its Composition as Obtained in Roasting Argentiferous Ores by Welin, John Eric
KU ScholarWorks | The University of Kansas Pre-1923 Dissertations and Theses Collection
On Flue-dust and its 
Composition as Obtained in 
Roasting Argentiferous Ores
1904
by J.E. Welin
This work was digitized by the Scholarly Communications program 
staff in the KU Libraries’ Center for Digital Scholarship.
http://kuscholarworks.ku.edu
Submitted to the Department of Chemistry of the
University of Kansas in partial fulfillment of the
requirements for the Degree of Master of Science
Master Thesis 
Chemistry 
ffclin, J.E. 1904 
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tion as obtained in roasting 
Argentiferous ores". 
On Pluodust and i t s Composition as .ObttiXned itTihe^<^ 
Roast in/?: of Argentiferous Ores, 4*%'M~t > -;/ 
In a l l establishments i n which the, r o a s t i n g of ores f s necesoar 
e i t h e r In the smelting industry or f o r the purpose of gathering the 
gases f o r the manufacture of s u l f u r i c acid,' there i s always more 
or l e s s trouble derived from the loss of ore and metal by escaping 
p a r t i c l e s and " fume". This Is the s o - c a l l e d Pluedust or nChambor-
dust" and may be defined thus J Fluedust consists .of the small 
p u r t i c l w s of the o r i g i n a l ore which are mechanically dislodged, 
and of metals and t h e i r compounds that have been v o l a t i l i z e d i n 
the lower parts of the furnace and not condensed again In i t , but 
c a r r i e d along with the strong d r a f t Into the f l u e . 
The v o l a t i l i z e d metals or vapor of metals' also go by the nam© 
of "fume" s The fluedust which r e s u l t s from the r o a s t i n g of 
galena, p y r i t e s , or other s u l f u r and argentiferous ores, has 
gen e r a l l y a dark reddish c o l o r , which i s caused by the la r g e per-
centage of i r o n oxide present and the presence of some p a r t i c l e s 
of f u e l i n greater or l e s s amount depending upon the manner o f 
feeding the furnace, and upon tne manner of s t i r r i n g the f i r e . The 
amount of dust accumulated can be regulated to some extent. Careftd 
feeding and c u t t i n g out of w a l l accretions V 7 i l l reduce the forming 
of fluedust to a great extent. High temperature i n the smelting 
furnace causes much v o l a t i l i z a t i o n with consequent l o s s , and a 
strong b l a s t w i l l cause much of the vapor to be c a r r i e d out of 
the furnace and into the f l u e . As the fluedust i s derived from 
the r o a s t i n g of Argentiferous and s u l f u r bearing ores, and since 
i t contains a good percent of both metals and s u l f u r , i t appears 
that there i s a necessity f o r c o l l e c t i n g the dust and fume i n some 
way, so as to make i t possib le to recover the valuable metals 
contained i n the ores. 
Quite a number of methods for c o l l e c t i n g the dust have been 
proposed. 
The f o l l o w i n g methods seem to nave produced tho most s a t i s f a c t o r y 
r e s u l t s T h e f l u e leading from the furnace proper may be b u i l t 
so long and so large that the s o l i d p a r t i c l e s , they hold i n suspension 
• 
w i l l on account of t h e i r greater s p e c i f i c g r a vity drop out and 
accumulate on the f l o o r of the f l u e . Such enlarged flues or chambers 
are now i n use by large smelting concerns. 
Then there may be modifications and improvements of these 
large chambers to further compel the retardation and cooling of the 
gases. A system of i r o n plates ( Prettdenberg plates) may be arranged 
i n the roof of the f l u e l o n g i t u d i n a l l y , that i s p a r a l l e l , with the 
current of the gas flow, together with a series of transverse 
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p a r t i t i o n s b u i l t up from the f l o o r to the eiffges of the Fretidonberg 
plates-. 
This arrangement w i l l e f f e c t u a l l y a r r e s t the flow of the gases 
and also cool them to some' extent so that the f i n e dust w i l l aocumu 
l a t e on the plates while the heavier p a r t i c l e s w i l l at once drop to 
the f l o o r . The plates are suspended from 4 i n . to 5 i n . apart, 
and as the dust accumulates on them and has reached a thickness 
of about 1-1/8 i n . to 1-1/2 i n . , i t drops o f f automatically, or,by 
some contrivance^ tho plates may be shaken so as to free them 
from t h e i r dust load. This then accumulates i n the compartments 
formed by the p a r t i t i o n s on the f l o o r . 
The p l a t e s , w i l l however, be corroded by the gases, and es-
p e c i a l l y so, i f there be any moisture present, because then both 
sulfurous and s u l f u r i c acids are formed which w i l l q u i c k l y corrode 
the p l a t e s . As these are expensive and t h e i r frequent renewal 
/ould be c o s t l y , a system of wires was devised by Roesing to take 
the place of the p l a t e s . The wires were arranged so as to form 
a screen running l o n g i t u d i n a l l y with the f l u e , and by means of a 
shaking attachment, the dust would be much more e a s i l y dislodged 
from the wires than from the p l a t e s . As an example, of t h e i r e f f i c i e 
cy might be c i t e d the f a c t , that at " J a r n o w i t z , S i l e s i a , ^ during 
300 working days i n 1888, there passed o f f i n t o the open a i r 
without the wire system 121,000 l b s . of s o l i d matter f o r every 
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furnaoej with the wire system, the weight of the s o l i d matter 
was reduced to 90,200 l b s . without diminishing the d r a f t of the 
chimney." 
But even though t h i s arrangement i s e f f e c t i v e and i t s cost 
considerably l e s s than that with p l a t e s , i t i s not e n t i r e l y 
s a t i s f a c t o r y , as being yet too expensive. So i t seems that the 
most durable and l e a s t expensive dust chamber i s an enlarged 
f l u e with transverse walls r i s i n g one or two feet above the f l o o r 
to prevent the deposited dust from d r i f t i n g along with the gas our* 
Vbnt. Between the upper edges of these walls and the roof of the 
chamber, there should be s u f f i c i e n t v e r t i c l e space so as to 
cause the gases to flow slowly. The dust p a r t i c l e s w i l l then 
drop out i n such a way as to leave the heavier and coarser onesj 
yt those most l i k e the ore, near the furnace; as the p a r t i c l e s are 
s m a l l and l i g h t , and h i g h l y V o l a t i l i z e d they w i l l s e t t l e f a r t h e r ' | 
and f a r t h e r away from the furnace. This s o r t i n g out process i s of 
great advantage when the accumulated dust i s to be c o l l e c t e d and ' 
resmelted. 
In some smelters the gases aro f i l t e r e d through woolen bags, 
f o r the purpose of catching the fume, t h i s process i s i n a p p l i c a b l e 
i n the r o a s t i n g furnace, on account of the s u l f u r i c a c i d fumes, 
(SO ) which aro always present, and which would q u i c k l y destroy 
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any woolen bags that might bo placed i n the f l u e . 
By means of the transverse compartments j u s t mentioned 
and by having long chambers, the fume w i l l be so cooled, that 
s e t t l e d out before the gases are ready to entor the stack l e a d i n g 
to the open a i r . 
. Thus w i l l t h i s important product be saved to the manufactur-
e r , and can from time to time, be removed from the dust chamber 
through doors i n the side w a l l s . 
A f t e r the dust has been c o l l e c t e d , i t i s necessary to t r e a t 
i t i n some way so as to make i t p o s s i b l e to rcsmelt i t . 
In the case of the s u l f u r i c a c i d manufacturer, the duct i s more oi 
a nuisance than an important product, because the s u l f u r present 
i n the p y r i t e s , which he r o a s t s , i s almost a l l obtained i n the 
f i r s t r o a s t i n g ; but yet he cannot d i s r e g a r d the dust as i t 
contains important metàls and compounds, which the smelter can 
use, and to whom i t can be s o l d . Therefore i n whatever concern 
there i s an accumulation of f l u e d u s t , i t w i l l have to be prepared 
f o r i t s second s m e l t i n g . The dust from smelting f u r n a c e s A c o n t a i n i 
as much as 20% of the o r i g i n a l ore. * t would be poor economy, i n -
deed, to l e t o n e - f i f t h of the o r i g i n a l ore go to waste. 
ïhere seems to be considerable d i f f i c u l t y to t r e a t the €l£er 
p r o p e r l y so as to make i t p o s s i b l e to refeed i t to the furnace. 
The best and f a v o r i t e method proposed i s to form or compact 
the p r i n c i p a l p o r t i o n of the metals contained i n i t w i l l have 
the fluedust into b r i c k s . The dust i s mixed with lime and zinc 
oxide, which when moistened, w i l l make an adhesive mass, and then 
formed into b r i c k s and hardened by drying, burning or f r e e z i n g are 
added to the furnace charge. 
b r i c k i n g the fluedust i n t h i s way makes a product that i s e a s i l y 
handled, and one that w i l l r e a d i l y burn. Up t i l l recent years the 
b r i c k i n g was done by hand, but the modern plants form the fluedust 
i n t o b r i c k s by the a i d of machinery. 
The b r i c k i n g presses have been able to reduce the cost from 
two c o l l a r s per ton to from twenty to twenty-five cents per ton. 
Thus the fluedust as now treated and handled w i l l save the manufac-
t u r e r a good per cent annually, which would be a t o t a l l o s s , i f i t 
were not properly and c a r e f u l l y husbanded. 
Having seen something of the sourcef, accumulation, and methods 
of t r e a t i n g the fluedust for resmelttjjg, i t i s the purpose of t h i s 
paper to inquire some?/hat into the composition of fluedust and espec 
l a l l y i n t o that which i s derived from the s u l f u r i c a c i d works at 
Argentine, Kansas. In doing t h i s i t seems necessary to go somewhat 
i n t o the d e t a i l s of the processes of the manufacture of s u l f u r i c 
a c i d . 
The process used at Argentine i s the common lead-chamber 
process. The i r o n p y r i t e s are roasted, i n Herreschoff Roasters, of 
which there are f i v e p a i r s . The one i s dropped into the hopper of 
the furnaces from the f l o o r above, and the hoppers feed the ore to 
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the roasters automatically. The roaster i s b u i l t up so as to contain 
a number of compartments, one above the other, and a v e r t i c l e shaft 
runs through the center of each roaster. To t h i s c e n t r a l shaft, 
which i s turned by an engine, i s attached toothed arms, or rakes, 
two i n each compartment, and the teeth of these rakes are so 
arranged that the ore i s gradually moved towards the center i n 
one compartment, and then drops through holes down i n t o the next 
compartment. **ere the r akes have t h e i r teeth set at such an angle 
that the ore i s moved outwards toward the circumference, and 
there drops through holes to the next lower compartment, and so on 
f o r s i x or seven s t o r i e s u n t i l a f t e r eight or ten hours, the ore has 
been so thoroughly heated and s t i r r e d that almost a l l the s u l f u r ha* 
been roasted out. 0nly»5$ to 2% remain i n the asœi * 
The supply of atmospheric oxygen i s regulated by a system of 
d r a f t holes. The hot s u l f u r d i o x i d formed by the burning s u l f u r 
of the p y r i t e s , enters a f l u e common to the ten roasters. Near the 
end of t h i s f l u e i s the H n i t r e pot", an arrangement f o r producing 
the nitrogen gases, which i s heated by the flowing s u l f u r d i o x i d 
and oxygen. A l l these gases then mix and enter the large room, 
which i s b u i l t of b r i c k and i s provided with transverse b r i c k 
w a l l s r i s i n g from the f l o o r . 
This i s the dust chamber or f l u e , from which t h i s p a r t i c u l a r 
sample of dust was c o l l e c t e d . As the gases from the roasters 
enter t h i s chamber t h e i r flow i s retarded and the p a r t i c l e s mechan-
i c a l l y c a r r i e d along are deposited i n the f l o o r compartments. 
p.. 
Having traversed the dust chamber, the gases which c o n s i s t of 
s u l f u r d i o x i d , nitrogen and oxygen, are made to pass up the 
s o - c a l l e d Glover Tower. 
This i s a l a r g e , leaden tower, packed f u l l or small pieces of 
coke. As the gases pass up the tower they meet a stream of n i t r o -
s u l f o n i c a c i d which has been previously formed i n the $ay-|ussac 
Tower. The e f f e c t of the gases on the d i l u t e s u l f o n i c a c i d Is to 
remove a p o r t i o n of the water from i t , and thereby e f f e c t a 
p a r t i a l concentration. The gases also cause the d e n i t r i f i c a t i o n 
of the n i t r o w ^ s u l f o n i c a c i d thus: 
2 S 0 ( H O ) (NO ) plus S 0 plus 2 H 0 «= 
2 2) 2 2 
2 N 0 plus 3 S 0 (H 0 ) ( H 0), or 
2 
3 H S O 
2 4 
#rom the Glover Tower the gases are d e l i v e r e d i n t o a s e r i e s 
of l a r g e lead l i n e d chambers, where they come i n contact with 
steam. The ac i d formed f a l l s to the bottom of the chambers, and 
samples of the a c i d i s frequently drawn o f f and examined by an 
arrangement known as the w d r i p - p i p e w . A f t e r the gases nave been 
* 
drawn through the e n t i r e system of leaden chambers, by means of 
the draught caused by a t a l l chimney, they are f i n a l l y passed up 
the âay Lussac tower. 
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This c o n s i s t s of a square leaden tor/or f i l l e d with fragments of 
coke, i n t o the top of which i s admitted, and evenly d i s t r i b u t e d , 
by means of the Segner wheel, dold, strong s u l f u r i c a c i d , which 
percolates slowly through the mass of coke. 
The gases meeting t h i s stream of cold s u l f u r i c a c i d , lose a l l t h e i r 
n i t r o g e n peroxidte and form with i t ni t r o s u l f o n i c acid.^=S5=^ 
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This i s then pumped up into the top of the Glover tower, and 
the c y c l e i s completed. The aci d thus formed i s d i l u t e and i s sub-
sequently concentrated i n glass or platinum r e t o r t s . 
There i s coming into vogue another method of manufacturing 
s u l f u r i c a c i d which i s c a l l e d the contact process* This i s essen-
t i a l l y a process which makes use of the c a t a l y t i c a c t i o n of LuCtâJ1--
platinum^of the oxids of i r o n , copper, and chromium i n causing 
SO and 0 to unite to form C 0 which can afterwards be chemically 
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u n i t e d with water to form H SO • J£t has the advantage of doing 
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away with the expensive lead chamber system, the Glover and Say— 
Lussac towers, and the plants for producing steam and n i t r i c 
a c i d . On the other hand, i t w i l l require a w e l l planned and care-
f u l l y managed system f o r the p u r i f i c a t i o n by the roaster gases; and 
w i l l a l s o need a high order of engineering s k i l l to run i t success-
f u l l y . N e v e r t h e l e s s , there seems to be good reasons f o r b e l i e v i n g 
that the contact process w i l l i n the near future m o s t l y ^ i f not 
e n t i r e l y ^ replace the o l d leaden chamber process. 
The sample of fluedust i n hand was, as stated, above, obtained 
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from the f l u e of the s u l f u r i c acid plant at Argentine. 
In order to determine i t s composition, a q u a l i t a t i v e examination 
was f i r s t made of the dust. Five grams of a sample, obtained by 
c a r e f u l mixing and sampling of the whole amount of dust at hand, 
were treated to nitr o h y d r o c h l o r i c acid repeatedly u n t i l nothing 
more would d i s s o l v e . The insoluble residue was f i l t e r e d o f f , 
and the s o l u t i o n evaporated nearly to dryness i n order to get r i d 
of as much acid as possible. Diluted the t h i c k , reddish brown 
substance with water, added some hydrochloric a c i d and treated the 
s o l u t i o n with hydrogen s u l f i d gas. 
T^e p r e c i p i t a t e was washed thoroughly with hot water and ammonium 
acetate. I t was put into a solution.-of yellow ammonium s u l f i d to 
which was added some amfcpnium hydroxid and warmed f o r some time, 
a f t e r which the l i q u i d was decanted o f f , and the process repeated, 
four times f This dissolved nearly a l l of the p r e c i p i t a t e d s u l f i d s 
with the exception of a small residue, r/hlch was f i l t e r e d o f f . 
The f i l t r a t e was treated with d i l u t e hydrochloris a c i d , which 
r e p r e c i t a l e d the s u i r i d s of arsenic, antimony, and t i n . They were 
now heated without b o i l i n g i n concentrated hydrochloric a c i d . This 
process dissolved nearly a l l of the p r e c i p i t a t e , except the arsenic 
and some s u l f u r . The mixture was then treated to some potassium 
chlo r a t e and heated u n t i l red litmus was not bleached. A t was then 
test e d f o r arsenic, antimony and t i n by t r e a t i n g i t with an abundance 
of concentrated hydrochloric acid and hydrogen s u l f i d . This treatment. 
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brought out the arsenic s u l f i d , and by further t r e a t i n g i t with a 
s o l u t i o n of hydrogen s u l f i d , the antimony s u l f i d was p r e c i p i t a t e d 
The stannic s u l f i d appeared to be there, but was very i n d i s t i n c t . 
The motels, arsenic and antimony, were decidedly present with a 
p o s s i b i l i t y of t i n being present i n small quantity. 
During the p r e c i p i t a t i o n of the s u l i i d s with H S, there 
o 
seemed to be no end to the reaction, because a lemon yellow p r e c i p i 
t a t e kept coming down continuously a f t e r every f i l t r a t i o n and a 
whole week was consumed i n throwing down the s u l f i d s . This precip-
i t a t e was afterwards proven to be nothing but sulfcfcr, although, at 
f i r s t , thought to be Selenium. The lemon yellow p r e c i p i t a t e 
would not stand any of the test s for selenium with the one 
exception that i t was soluble i n yellow ammonium s u l f i d . 
A f t e r i t was i s o l a t e d i t was found to dissolve i n C S . The 
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probable reason f o r the s u l f u r coming down so p l e n t i f u l l y 
and of a lemon yellow c o l o r , might be ascribed to the great abund-
ance of i r o n present i n the s o l u t i o n , which would have the ef ect 
of decomposing the hydrogen s u l f i d and s e t t i n g free the s u l f u r . 
The undissolved residue by yellow ammonium^sulfid, was now 
tr e a t e d to d i l u t e n i t r i c a c i d and allowed to simmer fo r a short 
time. There appeared no p r e c i p i t a t e so that mercury was found 
be be absent. D i l u t e s u l f u r i c a c i d was then added to the n i t r i c 
a c i d s o l u t i o n and evaporated u n t i l s u l f u r i c a cid fumes (SO ) were 
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abundantly given o f f , and a white p r e c i p i t a t e of lead s u l f a t e was 
thrown down, t t was confirmed "by t r e a t i n g the p r e c i p i t a t e 
with sodium hydroxid which dissolved the lead s u l f a t e . 
A c i d i f y i n g t h i s a l k a l i n e s o l u t i o n with a c e t i c a c i d and adding 
patassium bichromate, the yellow p r e c i p i t a t e of lead chromâte 
was thrown down, proving the presence of lead. 
The f i l t r a t e , from which the lead s u l f a t e was f i l t e r e d 
o f f , was now treated with ammonium hydroxid and heated to 
b o i l i n g , but no p r e c i p i t a t e or any K i n d was thrown down, showing 
the absence of bismuth. The a l k a l i n e s o l u t i o n was of a very 
f a i n t blue c o l o r , showing the presence of copper i n minute 
q u a n t i t y . V/hen a small p o r t i o n of i t was treated with a c e t i c a c i d 
and potassium ferrocyanid the w e l l known reddish brown p r e c i p i t a t e 
of c u p r i c ferrocyanid was formed. The greater portion of the 
a l k a l i n o s o l u t i o n was a n d i f i e d with hydrochloric a c i d and evapor-
ated down to small volume; i t was then saturated with pure 
solium c h l o r i d ^ and an abundance of hydrogen s u l f i d was added. 
The s o l u t i o n was then f i l t e r e d , and the f i l t r a t e was d i l u t e d very 
g r e a t l y with water and made a l k a l i n e with ammonium hydroxid and 
hydrogen s u l i i d added. The absence of cadinum was proven by the 
c h a r a c t e r i s t i c yellow p r e c i p i t a t e of cadmium s u l f i d f a i l i n g to 
come down. 
The f i l t r a t e from the p r e c i p i t a t e d s u l f i d s was b o i l e d 
with some n i t r i c a c i d to f u l l y o x i d i z e the i r o n , a f t e r which 
i t was t r e a t e d to ammonium hydroxid to strong a l k a l i n e r e a c t i o n . 
A very large p r e o i p i t r a t e was obtained, which wa$- f i l t e r e d 
o f f . The f i l t r a t e was reserved for further t e s t s . 
The p r e c i p i t a t e was thoroughly washed with hot water and 
treated to about s i x grams of sodium peroxid and b o i l e d . F i l t e r e d 
o f f the i r o n **ydroxid and divided the f i l t r a t e i n to two pa r t s . To 
one por t i o n was added acetic acid i n excess and lead acetate, when 
the c h a r a c t e r i s t i c yellow p r e c i p i t a t e of lead chromate was ob-
tained thus proving the presence of chronium. To the second 
p o r t i o n was added an abundance of ammonium c h l o r i d and b o i l e d un-
t i l a l l ammonia was driven o f f ; then more ammonium c h l o r i d was 
added, and the s o l u t i o n boiled again, a f l a c c u l e n t white précipitât! 
Insoluble i n water was obtained, which 3/fidihated the presence of 
aluminum. A portion of the i r o n hydroxid was dissolved i n H 01. and 
(for i r o n with potassium ferrocyanid and potassium sulfocyanid, 
both of which t e s t s proved the presence of i r o n . Another small 
p o r t i o n was fused with sodium carbonate and potassium n i t r a t e i n a 
p o r c e l a i n c r u c i b l e , but the i r o n present was so abundant as to 
completely obscure any green c o l o r a t i o n that may have been 
formed by the presence of manganese. 
Lat e r , manganese was found to be present i n a fusion from 
which the greater part of the i r o n had been removed, but there 
was at most only a mere trace of manganese present. 
The f i l t r a t e from the hydroxide was treated to ammonium sulfic-
which brought down a p r e c i p i t a t e . This was treated with cold d i l u t e 
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hydrochloric acid to dissolve the s u l f i d s of managanese and 
z i n c . Since there was p r a c t i c a l l y no residue there was no 
n i c k e l or cobalt present. The f i l t e r and sol u t i o n were both tent e d 
f o r cobalt and n i c k e l with the borax bead, but no c o l o r a t i o n 
i n d i c a t e d the absence of both of these metals. 
The f i l t r a t e was tested for zinc by adding to i t a c l e a r so-
l u t i o n of sodium acetate saturated with hydrogen s u l f i d , u n t i l 
p r e c i p i t a t i o n was complete. The white p r e c i p i t a t e showed the 
presence of z i n c . 
The f i l t r a t e from the treatment with ammonium s u l r i d was 
tre a t e d to ammonium c h l o r i d and ammonia and warned, a f t e r which 
a s o l u t i o n of ammonium carbonate was added. No p r e c i p i t a t e appeared 
thus proving the absence of a l k a l i earth metals. This p r a c t i c a l l y 
completed the q u a l i t a t i v e analysis of the dust. 
For the quant i t a t i v e determination of the various components 
of the dust, two grams were taken, snd the analysis was done i n 
d u p l i c a t e . The dust was dissolved i n aqua regia as thoroughly as 
p o s s i b l e , and the l i q u i d was c a r e f u l l y decanted o f f . This process 
was repeated four times. The l i q u i d was d i l u t e d with some water 
and f i l t e r e d . The insoluble residue was drie d , i g n i t e d and weighed 
with the f o l l o w i n g r e s u l t s : 
Weight of c r u c i b l e and ppt. 16.5227 g. 14.4679g 
2 ' 31 
Weight of ff and Ash, 16.4170 g. 14.3629ft 
V/oight of insoluble residue 0.10 56g. 0.1048g 
15 
This i n s o l u b l e residue was then fused i n platinum c r u c i b l e s with 
sodium carbonate, and a l i t t l e potassium n i t r a t e f o r the determi-
n a t i o n of s i l i c a . A f t e r the s i l i c a was f i l t e r e d o f f the r e s u l t i n g 
f i l t r a t e was added to the aqua regia f i l t r a t e . The r e s u l t s from 
t h i s treatment weres 
(1) 
Weight of c r u c i b l e and ppt. 14.984< « 15.6994 
frS ' • 9 
w " " " Ash, 14; 8786 15:5947 
Weight of s i l i o a 0.1056g. 0.1045 g 
which gives a percentage of 5 . 2 8 » ^ 5.23» 
Now one h a l f gram of the o r i g i n a l dust was fused with sodium 
carbonate and a l i t t l e potassium n i t r a t e i n platinum c r u c i b l e as a 
check on the correctness of the percentage s i l i c a , when the f o l -
lowing r e s u l t s were obtained: (2) 
V/t. of c r u c i b l e & ppt. 6.1547 6.9635 
5 6 
V/t. « " & Ash, 6.1085 6.9364 
Wt. of S i l i c a 0.0262 0.0269 
V/hich gives the per cent 5.24$ and 5.38$. 
Thus i t seems that the average of the f i r s t set of r e s u l t s , 
vizs5.25$, would be a safe estimate of the amount of s i l i c a present, 
iho aqua regia s o l u t i o n together with the f i l t r a t e from 
the f u s i o n of the i n s o l u f b l e residue ( not that from the«5 ^.deter-
mination) was evaporated down to a very small bulk for the pur-
pose of g e t t i n g r i d of as much n i t r i c a c i d as p o s s i b l e . Then i t 
16 • 
was d i l u t e d considerably with water and a l i t t l e h ydrochloric 
a c i d added. Hydrogen s u l f i d was now addwd u n t i l a colored pre-
c i p i t a t e ceased to come down. This p r e c i p i t a t e was treated to 
ammonium hydroxid and yellow ammonium s u l r i d and warmed f o r some 
time • 
Then i t was d i l u t e d considerably with water and a l i t t l e 
h y d r o c h l o r i c a c i d added. Hydrogen s u l f i d was now added u n t i l 
a colored p r e c i p i t a t e ceased to come down. This p r e c i p i t a t e was 
t r e a t e d to ammonium hydroxid and yellow ammonium s u l f i d , and 
warmed f o r some time. 
ïhis operation was repeated four times. The insol u ^ b l e residue 
was d i s s o l v e d i n aqua r e g i a and evaporated somewhat. I t was then 
d i l u t e d with water and d i l u t e s u l f u r i c a c i d was added to p r e c i p i -
t a t e the le a d . Thon a considerable quantity of alcohol was added 
to the s o l u t i o n , and | t was l e f t standing f o r some time. The pre-
JLead 
c i p i t a t e c ^ s u l f a t e was then f i l t e r e d o f f and thoroughly washed with 
a l c o h o l , d r i e d , heated and weighed, with the f o l l o w i n g r e s u l t s : 
(1 ) '(2) 
Wt. of o r u c i b l o & ppt. 6.7074 g 5.9999g 
2 ' 2 
w ,f w & Ash 6.6700 g 5,963-Q g 
Weight of P b S 0^ » ...0372 g .0387g 
Tïhich gives the percent of lead 1.28 % 1.32 % 
* « " w " P b O 2.05 % 
The f i l t r a t e from the lead s u l f a t e was treated to some more 
s u l f u r i c a c i d and evaporated to dryness. This gave a very small 
17. 
p r e o i p i t a t e of copper s u l f a t e . 
i h i s was d i s s o l v e d i n water and n e u t r a l i z e d with sodium 
carbonate u n t i l a permanent p r e o i p i t a t e appeared. This was 
d i s s o l v e d i n an excess of a c e t i c a c i d . About one h a l f gram of 
potassium i o d i d % was added, and the s o l u t i o n thus prepared was 
t i t r a t e d with standard sodium thio s u l f a t e s o l u t i o n . Na-Si 
Q| whose f a c t o r was l e c N a ^ g ^ » 0.00474 g.0u. of which the 
copper s o l u t i o n required one h a l f 0. 0. i n one test 
and very nearly the same^possibly .47 c.c.^in the d u p l i c a t e 
t e s t . 
The r e s u l t f o r copper was then .6cc X.00474 * .0024g. copper or 
12% Ou. or 0.15$ Ou.O. i n the dust. 
The s o l u t i o n o f a u l f i d s , i n yellow amiaonium s u l f i d , was d i l u t -
ed up to one l i t e r or 1000oc^.500 o o of t h i s s o l u t i o n was taken 
f o r the determination of a r s e n i c . The s u l f i d s were f i r s t 
r e p r e o i p i t a t e d with d i l u t e H 01.. Then digested with sulfurous 
a c i d and potassium b i s u l f i t e ( since potassium s u l f i t e could 
not be obtained), xt was then b o i l e d u n t i l a l l of the sulfl»rous 
a c i d was e x p e l l e d , and then f i l t e r e d . 
The arsendA was now a l l i n the f i l t r a t e , and was mixed with 
ammonia i n excess. Magnesia mixture was added, and the s o l u t i o n , 
whioh smelled strongly of ammonia, was covered and l e f t standing 
f o r two days. The p r e o i p i t a t e was t r a n s f e r r e d to a f i l t e r , thorouj 
h l y washed,' with a d i l u t e s o l u t i o n of ammonia} i t was then d r i e d 
i n the oven. When dry, as muoh as possible of the p r e o i p i t a t e 
in. 
vas removed from the f i l t e r , which was saturated with a solution. 
of ammonium n i t r a t e and d r i e d . Then c a r e f u l l y "burned i n a 
p o r c e l a i n c r u c i b l e . A f t e r cooling, the p r e c i p i t a t e was added to the 
ash, heated at f i r s t gently, then with greater heat, for four 
hours. The fo l l o w i n g r e s u l t s were obtained! 
Wt. of c r u o l b l e and ppt. 6.1184 g 6.9820 g 
7 2 
w * " "Ash 6,_Q_866 6.9510 
V/ t . of Mg 2 As 2 0 0.0317 g 0.0308 g 
'7 
V/t. of As. » ISOX.0317, « .0153 g; _15Qx0_308_ * 0149g 
310 3ÏQ. 
That i s i n 500 c c; i n one l i t e r there would therefore be 
.0153 X 2 « .0306 gj .0149X2» .0298g. 
!7hioh gives the percent for 2 grams « 1.53$ and 1.49$. 
For the determination of antimony 250oo of the yellow ammonliim 
s o l u t i o n was treated with hydrochloric acid* 
The p r e c i p i t a t e was allowed to s e t t l e f o r some time. The greater 
p o r t i o n of the superatant l i q u i d was c a r e f u l l y decanted o f f . 
The p r e c i p i t a t e was now treated with concentrated hydrochloric 
o 
ao i d and c a r e f u l l y heated up to 70 . The s o l u t i o n , thus prepared, 
was d i l u t e d with water and kept a c i d with hydrochloric a c i d , 
then t i t r a t e d with standard pot^assium-permanganate s o l u t i o n , 
whose faofcor was 1 o o K Mh 0 4».00663g. i l . 
€b. Each t e s t s o l u t i o n required 4.5c c K Mn O 4, which therefore 
gave 4.5 X.00663» .0285g.Sb. .0285X4». 1140g Sb. or 114Q&1Q& ~ 
2 
5.70 % Sb. The remaining 250 cc were treated to an abundance 
19. 
of oxalio aoid aocord-ing to Presenilis, but there was not a sign 
of t i n obtained. 
The f i l t r a t e obtained from the sulfids precipitated with 
U S was diluted up to 500 o c. Of these, 100 c o were taken 
2 
f o r the déterminât ion of zinc. The solution was treated with 
n i t r i o aold, boiled down to small volume, and then potassium 
chlorate was added. The mixture evaporated to dryness and heatwd 
for some time. 
Extracted the zinc with ammonia and ammomturn chlorid solution, 
boiled, f i l t e r e d and washed with dilute extraction solution. Added 
H 01 in exoess, heated the f i l t r a t e to bo i l i n g and ti t r a t e d hot 
with standard potassium ferrocyanid, whose factor was le c K 4 
0 
Pe ( 0 N) 6 • .00959 g Zn. Of this the test solution required 2 cc 
whloh multiplied by 5 gives a total of 10 o c of the potassium 
ferrocyanid solution required. Hence there was present 10X.00959 
- .0959 g.Zino or .0959x100 » 4»*T8ffo zinc,or 5.92 % Zn.O. 
For the determination of iron 50o c of the solution 
wee treatoTT^fith s u i l ^ r a were given off.' It was 
then diluted and reduced with H S. The excess of H S was 
2 2 
completely boiled off, the solution cooled, keeping the mouth of 
the flask closed as much as possible, some H S 0 4 added, and 
2 
t i t r a t e d with K MnO 4, whose factor was 1 o 0 K Mn 04 ».00533g. 
Pe. 0 f this the test solution required 12. 2 o ç K Mn 0 4. 
Hence there was found present 12.'2 x .00533x 10= .6502g. 
Fe.« ^.51 % Fe. and 32.51 x 160 « 40.44$ Fe. 0 
112 2 3. 
Tho Chromium was determined by taking 100 c c of the solution 
and precipitating with ammonium hydroxid. ïhis was washed, dried, 
heated and weighed with the following resultsj 
0 
'•eight of crucible and ppt. 16.6f!34 g 
2 
" " H ash 18.4200 g 
Fe.tt 0 Al 0 
2 3 2 3, Or. 0 « .2032 g. * .20.32 x 1QQ. * 50.no' 
2 3 .4 
This dried precipitate was now carefully pulverized and fused with 
four grams solium carbonate and a littlt» potassium nitrate. The 
mass was then boiled and some alcohol added, when the mixture was 
allowed to heat gently for five hours, t t was then f i l t e r e d 
and tho f i l t r a t e treated with potassium chlorate, acidified with 
hydroohlorio aoid and evaporated to tho consistency of a thick 
syrupj adding some more potassium chlorate as the evaporation 
went on. The solution was diluted with water, and the aluminum 
precipitated with ammonia and boiled, f i l t e r e d and washed. Now was 
added sodium acetate in excess and acetio acid u n t i l strongly 
aoid, aftor which the chronlum was precipitated as lead chcomate. 
It was dried i n the oven, carefully heated over the bunsen burner, 
and weighed, with the following results I 
7/oight or c r u c i b l e and ppt. 14.65370 
' 41 
" " a s h , 14;2359 
w " Pb. 0 0 0.3196 
4 
Weight of CrgO- « 162x 3196 « .0752ft. Cr. 0* 
^ % 646 h-
Hence there was found to be present 
0752g * .4 g « 1.08 % Or- 0. 
« or 1.29?$ Cr. 
Now, since the Fe. 0 f0r. 0 and A l o 
2 3 r 2 3 -2~ -3" 2 3 
togothor represent 50.80 $ and the Fe. 0 a 46.44 # and Cr. 0 
2 3 2 3 
* 1.88, It was possible to determine the aluminum by difference thus 
0 9 0 4 
50.80^(46.44 plus 1.88) • 2.48$ A l . g 0 m 1^1f0 k l m 
In order to determine the s u l f u r , ono gram of the dust was t r e a t 
ed repoatedly with aqua regla, then a l l the décantâtions/(were 
evaporated almost to dryness. Diluted with water and f i l t e r e d 
o f f tho inso l u b l e residue. Added a l i t t l e H C l . and hot barium 
c h l o r i d u n t i l p r e c i p i t a t i o n was completed. The mixture was allowed 
to stand f o r several hours. The pr e c i p i t a t e was f i l t e r e d o f f , d r i e d 
burned, and weighed. 
T/eight of c r u c i b l e and ppt. 15.0700g 
2 
« • " " ash, It.3750 ft 
* of Ba S 0 4 « .6948 g 
Wt. of S 0 .6940X 80 « .2386 g SO 
3 a _ 3 or 23.06 % 233 
The f i i l v o r and gold was determined by f i r e assay, with the f o l l o w i n 
charge s 
Fluedust 1/2 assay ton. 
Load Plux 40 g 
Ma H 0 0 20 g 
3 
Litharge 25 g 
S i l i c a 15 g 
Wails, 3 
Borax cover. 
The two s i l v e r buttons weighed 8-1/3 mg. and 8-8/9 mg. respect-
i v e l y , .whioh makes an average of about 17.33 02. of s i l v e r to the 
ton. There was a d i s t i n c t t*aoe of gold but i n too minute a 
quantity to turn tne balance. 
The a l k a l i e s , i f any, and the moisture were undetermined. 
Through the Kindness of Prof. Oady, the dust was tested for 
r a d i o - a o t i v i t y , by an instrument which oonsists essentially 
of an extremely sensitive electrometer. But i t showed not the 
lea s t sign of r a d i o - a c t i v i t y and hence proved the absence of 
uranium. 
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Summary of the Analysis f 
S i 0 
2 
5.25 % 5.25 % Si 0 
2 
Pb. 1.28?? £.05?? Pb 0 
As. 
Sb. 
Ou. 
1.52$ 
5.70?? 
.12?? 
2.01?? 
6.84?? 
.15,?? 
0 
2 3 
Sb 0 „ 
2 3 
Qu.£ t 
Zn 4.79?? 
0 
5.92?? 
ê 
Zn 0. 
Pe 32.51JÎ 40.44.?? 
* 
Pe 0 
2 3 
Or 
A l 
1.29J? 
1.31 % 
# 
1.885? 
2.48J? 
Or. o 
2 3 
A l . , 0 2 3 
S. 9.44?? 23.86?? S 0 
3 
Ag. Oz. per ton 17.33 
Au. • * " ^raoe 
A l k a l i e s 1 Undetermined 
0 
If* ***** o. Total jfctS^S fë£< 96.88?? 
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